• p. 146, the fifth line:
• p. 177, Eq. (6.53):
The following note should be made to Eq. (6.53): Equation (6.54), which is derived from Eqs. (6.50), (6.52), andv wi n i = 0, is used in the derivation of Eq. (6.53) from the solvability condition. See the second paragraph in page 130 of Y. Sone, Molecular Gas Dynamics (Birkhäuser, Boston, 2007) .
To improve the indefinite expression, the third paragraph on p. 177, which starts from its 9th line from the bottom and ends at the second line on p. 178, should be replaced by the following paragraph: 1 Now return to the discussion off V m . The first relation of the solvability condition (6.48) with m = 1, where Ih 1 = ζ i n i (∂f V 0 /∂y), (6.51) reduces to ∂(ρ V 0viV 0 n i ) ∂y = 0, (6.52) from which with the aid of Eqs. (6.50) andv wi n i = 0, we havê v iV 0 n i = 0. (6.54)
With the use of Eq. (6.54), the scalar product of the second relation of Eq. (6.48) and n i reduces to ∂p V 0 /∂y = 0. (6.53) Thus,p V 0 is a function of χ 1 and χ 2 only, i.e., p V 0 =p V 0 (χ 1 , χ 2 ). (6.55)
The remaining three relations [or the remaining two of the second relation of Eq. (6.48) and its third relation] reduce to identities with the aid of Eq. (6.54).
• p.215, the third line in Footnote 6: M n → −M n • p. 220, the fifth line:
Supplementary Notes
In the present supplementary notes, the letter K is attached to the labels of equations and sections, etc. in the book "Kinetic Theory and Fluid Dynamics" and the letter M is attached to those in Y. Sone, Molecular Gas Dynamics (Birkhäuser, Boston, 2007) to avoid confusion.
1 Chapter K-4 1.1 Notes on basic equations in classical fluid dynamics
Euler and Navier-Stokes sets
For the convenience of discussions, the basic equations in the classical fluid dynamics are summarized here.
The mass, momentum, and energy-conservation equations of fluid flow are given by
where ρ is the density, v i is the flow velocity, e is the internal energy per unit mass, p ij , which is symmetric with respect to i and j, is the stress tenor, and q i is the heat-flow vector. The pressure p and the internal energy e are given by the equations of state as functions of T and ρ, i.e., p = p(T, ρ), e = e(T, ρ).
Especially, for a perfect gas, p = RρT, e = e(T ).
Equations (2) and (3) are rewritten with the aid of Eq. (1) in the form
The operator ∂/∂t + v j ∂/∂x j , which expresses the time variation along the fluid particle, is denoted by D/Dt, i.e.,
Multiplying Eq. (6) by v i we obtain the equation for the variation of kinetic energy as
Another form of Eq. (3), where Eq. (8) is subtracted from Eq. (7), is given as
Noting the thermodynamic relation
where s is the entropy per unit mass, and Eq. (1), Eq. (9) is rewritten as
Equation (11) expresses the variation of the entropy of a fluid particle. Equations (1)-(4) contain more variables than the number of equations. Thus, in the classical fluid dynamics, the stress tensor p ij and the heat-flow vector q i are assumed in some ways. The Navier-Stokes set of equations (or the Navier-Stokes equations) is Eqs. (1)-(4) where p ij and q i are given by
where µ, µ B , and λ are, respectively, called the viscosity, bulk viscosity, and thermal conductivity of the fluid. They are functions of T and ρ. The Euler set of equations (or the Euler equations) is Eqs. (1)-(4) where p ij and q i are given by
or the Navier-Stokes equations with µ = µ B = λ = 0. For the Navier-Stokes equations, in view of the relations (12) and (13), the entropy variation is expressed in the form 2
(15) For the Euler equations, for which p ij and q i are given by Eq. (14) , the entropy of a fluid particle is invariant, i.e.,
For an incompressible fluid, the first relation of Eq. (4) is replaced by 3
Thus, from Eqs. (1) and (17),
Equation (12) for the Navier-Stokes-stress tensor reduces to
The first term on the right-hand side of Eq. (9) reduces to
Thus, Eq. (9) reduces to
2 Note the following transformation:
The second term in the last expression is easily seen to vanish. 3 The density is invariant along fluid-particle paths. If ρ is of uniform value ρ 0 initially, it is a constant, i.e., ρ = ρ 0 .
In a time-independent (or steady) problem, the density is constant along streamlines.
To summarize, the Navier-Stokes equations for incompressible fluid are
with the incompressible condition (17) being supplemented, i.e.,
.
Boundary condition for the Euler set
In Chapter K-7, we discussed the asymptotic behavior for small Knudsen numbers of a gas around its condensed phase where evaporation or condensation with a finite Mach number is taking place, and derived the Euler equations and their boundary conditions that describe the overall behavior of the gas in the limit that the Knudsen number tends to zero. The number of boundary conditions on the evaporating condensed phase is different from that on the condensing one. We will try to understand the structure of the Euler equations giving the non-symmetric feature of the boundary conditions by a simple but nontrivial case. Consider, as a simple case, the two-dimensional boundary-value problem of the time-independent Euler equations in a bounded domain for an incompressible ideal fluid of uniform density. The mass and momentun-conservation equations of the Euler set are
where ρ is the density, which is uniform, (u, v) is the flow velocity, and p is the pressure. Owing to Eq. (23), the stream function Ψ can be introduced as
Eliminating p from Eqs. (24) and (25), we have 4
where Ω is the vorticity, i.e.,
From Eqs. (26) and (27), This functional relation between Ω and Ψ is a local relation, and therefore F may be a multivalued function of Ψ. From Eqs. (28) and (30), 
Then, the boundary-value problem is fixed. That is, Eq. (31) is fixed as 6 
where e is the internal energy. Thus, e is a function of Ψ, i.e., e = F 1 (Ψ).
In the above boundary-value problem, therefore, e can be specified on the the part (0 < s < S m ) of the boundary, but no condition can be specified on other part (S m < s < S) and vice versa. 7
To summarize, we can specify three conditions for Ψ, Ω, and e on the part ∂Ψ B /∂s < 0 (∂Ψ B /∂s > 0) of boundary but one condition for Ψ on the other part ∂Ψ B /∂s > 0 (∂Ψ B /∂s < 0). The number of the boundary conditions is not symmetric and consistent with that derived by the asymptotic theory. It is widely said that the set of equations derived from the compressible Navier-Stokes set when the Mach number and the temperature variation are small is the incompressible Navier-Stokes set. This statement should be made precise. The difference is briefly explained in the book "Kinetic Theory and Fluid Dynamics" in connection with the equations derived by the S expansion from the Boltzmann equation in Section K-4.3. Here, we explicitly show the process of analysis from the compressible Navier-Stokes set. In Section K-4.3, the time-independent case is discussed. Here, we discuss the problem without this restriction. The following discussion is applied to the former case simply by eliminating the time-derivative terms. Take a monatomic perfect gas, for which the internal energy per unit mass is 3RT /2. The corresponding Navier-Stokes set of equations is written in the nondimensional variables introduced by Eq. (K-2.57) in Section K-2.10 as follows:
Sh
The nondimensional stress tensor P ij , and heat-flow vector Q i are expressed as 8
Here,μ andλ are, respectively, the nondimensional perturbed viscosity and thermal conductivity defined by
where µ 0 and λ 0 are, respectively, the values of the viscosity µ and the thermal conductivity λ at the reference state. Theμ andλ are functions of τ and ω.
The first relation of the equation of state [Eq. (5)] is expressed as
Take a small parameter ε, and consider the case where 
Corresponding to the above situation, u i , ω, P, and τ are expanded in power series of ε, i.e., 
and so on. At the leading order, the equations derived from Eqs. (36) and (38) degenerate into the same equation ∂u i1 /∂x i = 0. Owing to this degeneracy, in order to solve the variables from the lowest order successively, the equations should be rearranged by combination of equations of staggered orders. Thus, we rearrange the equations as follows:
where In order to compare Eqs. (45a)-(45c) and (47) with the incompressible Navier-Stokes equations (18)-(22), we will rewrite the latter equations for the situation where the former equations are derived. The starting equations are Eqs. (36)-(39b) 9 and the nondimensional form of Eq. (17), i.e.,
Sh
∂ω ∂t
instead of Eq. (40). 10 The analysis is carried out in a similar way and the equations corresponding to Eqs. (45a)-(45c) are 11
Equations (49a) 
The difference of Eq. (45c) or (50) from Eq. (49c) is
which vanishes for an incompressible fluid. The work W done on unit volume of fluid by pressure, given by −p 0 (2RT 0 ) 1/2 ∂(1 + P )u i /∂x i , is transformed with the aid of Eq. (46a) in the following way:
The work vanishes up to the order considered here for an incompressible fluid, because ∂u i /∂x i = 0 and ∂P 1 /∂x i = 0 (see Footnote 11). That is, Eq. (45c) differs from Eq. (49c) by the amount of the work done by pressure.
To summarize, the mass and momentum-conservation equations of the set derived from the compressible Navier-Stokes set when the Mach number and the temperature variation are small are of the same form as the corresponding equations for the incompressible Navier-Stokes set, but the energy-conservation equation differs by the work done by pressure. 12 2 Appendix K-A
Boundary condition for Euler equations
In Appendix K-A.10, we discussed the boundary condition for the linearized Euler equations for simple examples. Related discussion is given in Section 1.1.2 in this notes.
